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(57) The present invention provides a martensitic 
heat resistant alloy having a composition (A) compris- 
ing. % by weight: 0.03 to 0.15% of C; 0.01 to 0.9% of Si; 
0.01 to 1 .5% of Mn; 8.0 to 1 3.0% of Cr; 0.0005 to 0.01 5% 
of Al; no more than 2.0% of Mo; no more than 4.0% of 
W; 0.05 to 0.5% of V; 0.01 to 0.2% of Nb; 0.1 to 5.0% of 
Co; 0.008 to 0.03% of B; less than 0.005% of N: and Fe 
and inevitable impurities as the remainder, wherein (B) 
the contents (% by weight) of Mo. W, B and N satisfy the 
following formulae (1) and (2). 



B - 0.772N > 0.007 



W + 1.916Mo-16.99B>2.0 



(1) 



(2) 



The martensitic heat resistant alloy of the present 
invention has excellent oxidation resistance, hot work- 
ability and ductility and exhibits high creep rupture 
strength in a range of relatively long rupture time at a 
high temperature. 



200 



B 

CB 

a 

u 

u 
to 



100 



Rg. 1 




10^* 

Ruptur« tlmci (b) 



Q. 

LU 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 275 744 A1 

Description 
Technical Field 

5 [0001] The present Invention relates to a martensitic heat resistant alloy being excellent in creep rupture strength at 
a high temperature and ductility, and a method for producing the same. More specifically, the present invention relates 
to a martensitic heat resistant alloy exhibiting excellent creep rupture strength in a range of relatively long rupture time 
at a high temperature, being excellent in oxidation resistance as well as hot workability and ductility, and a method for 
producing the same. 

10 

Background Art 

[0002] In the conventional martensitic heat resistant alloy, the content of B is generally controlled to be in a range of 
0.008% by weight or less and the content of N Is generally controlled to be in a range of 0.02 to 0.06% by weight. The 

15 content of N is set in the above-mentioned range because: N is an element which is naturally mixed into the alloy from 
raw steel or atmosphere and the element is inevitably contained in the alloy by the content of 0.02% by weight or so. 
regardless of any attempt to remove it; the presence of N in the alloy results in precipitation of carbonitrides of Nb and 
V. thereby enhancing the creep strength of the alloy; when the content of N is added in such large quantity as exceeds 
0.1% by weight, the creep rupture ductility, welding property and workability are deteriorated; and the presence of N 

20 in the alloy is rather preferable as long as the content thereof does not exceed 0.06% by weight. 

[0003] With regards to B, 8 contained in the alloy has an effect of minutely dispersing precipitates and suppressing 
the growth thereof, thereby stabilizing grain boundaries. Therefore, addition of B by a very small content significantly 
enhances the creep rupture strength. However, as B exhibits a strong affinity with N, addition of B by a targe content 
results in the precipitation of itself as BN. whereby the effects, by B and N. of improving the characteristics of the alloy 

25 are all lost, and the welding property and workability of the alloy are significantly deteriorated. Due to this, in the con- 
ventional, the content of B in the alloy is reduced to an extremely small value of 0.008% by weight or less, in consid- 
eration of the content of N. 

[0004] On the other hand. Japanese Patent Application Laid-Open (JP-A) Nos. 6-10041, 8-218154, 8-22583 and 
9-122971 disclose a ferritic heat resistant steel or a martensitic heat resistant steel and welding materials thereof, to 

30 which a relatively large amount of B has been added. However, in any of these references, the content of B has still 
to be limited due to the reason described above, and the B content thereof remains insufficient with respect to the N 
content. Thus, the effect of drastically enhancing the creep rupture strength by adding B, which effect would be obtained 
if the B were to be added by a sufficient content and work without being disturbed by N, were not achieved yet. 
[0005] JP 8-294793A discloses a welding material for a femtic steel containing Al of specific type, a relatively large 

35 amount of B and a small amount of N. However, the workability and the like of the material disclosed in JP 8-294793A 
are not fully satisfactory. Further, the material does not achieve a sufficiently high creep strength in a range of relatively 
long rupture time at a high temperature. 

[0006] Further, in recent years. JP 11-12693A has proposed an attempt to maximize the effect of addition of B by 
decreasing the content of N as much as possible. However, in JP 11-12693A. the added amount of B is still insufficient 

40 with respect to the added amount of N and the characteristic-improving effect by B is not fully exhibited. Thus, high 
creep strength in a range of relatively long rupture time at a high temperature cannot be achieved. 
[0007] The present invention has been contrived in consideration of the problems as described above. One object 
of the present invention is to provide a martensitic heat resistant alloy which solves the problems of the prior art, 
maximizes the characteristic-Improving effect by the presence of B of a large content, has high creep rupture strength 

^5 in a range of relatively long rupture lime at a high temperature, has excellent oxidation resistance, hot workability and 
ductility. The present invention also aims at providing a method for producing such a martensitic heat resistant alloy 

Disclosure of Invention 

50 [0008] The present invention has been achieved in consideration of the tasks as described above, solve the problems 
of the prior art, provides following aspects. 

[0009] Specifically, a first aspect of the present invention provides a martensitic heat resistant alloy having a com- 
position (A) including. % by weight: 0.03 to 0.15% of C; 0.01 to 0.9% of Si; 0.01 to 1.5% of Mn; 8.0 to 13.0% of Cr; 
0.0005 to 0.015% of Al; no more than 2.0% of Mo; no more than 4.0% of W; 0.05 to 0.5% of V; 0.01 to 0.2% of Nb; 0.1 
55 to 5.0% of Co; 0.008 to 0.03% of B; less than 0.005% of N: and Fe and inevitable impurities as the remainder, wherein 
(B) the contents (% by weight) of Mo, W, B and N satisfy the following fonmulae (1) and (2). 
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B - 0.772N > 0.007 (1) 

5 W + 1.916Mo-16.99B>2.0 (2) 

[0010] A second aspect of the present invention provides a martensitic heat resistant alloy having a composition (A) 
including. % by weight: 0.03 to 0.15% of C; 0.01 to 0.9% of Si; 0.01 to 1 .5% of Mn; 8.0 to 1 3.0% of Cr; 0.0005 to 0.01 5% 
of Al; no more than 2.0% of Mo; no more than 4.0% of W; 0.05 to 0.5% of V; 0.01 to 0.2% of Nb; 0.1 to 5.0% of Co; 

10 0.008 to 0.03% of B; less than 0.005% of N: and Fe and Inevitable Impurities as the remainder, wherein (8) the mole- 
based ratio of the content of B with respect to the content of Al (B/AI) is no smaller than 2.5. A third aspect of the 
present invention provides a martensitic heat resistant alloy having a composition (A) including, % by weight: 0.03 to 
0.15% of C; 0.01 to 0.9% of Si; 0.01 to 1.5% of Mn; 8.0 to 13.0% of Cr; 0.0005 to 0.015% of Al; no more than 2.0% of 
Mo; no more than 4.0% of W; 0.05 to 0.5% of V; 0.01 to 0.2% of Nb; 0.1 to 5.0% of Co; 0.008 to 0.03% of B; less than 

^5 0.005% of N: and Fe and Inevitable impurities as the remainder, wherein (B) the contents (% by weight) of Mo, W, B 
and N satisfy the following fonmulae (1) and (2), 



20 



B - 0.772N > 0.007 (1) 

W + 1.916MO - 16.99B > 2.0 (2) 

[001 1] The mole-based ratio of the content of B with respect to the content of Al is no smaller than 2.5. 

25 [0012] Further, a fourth aspect of the present invention provides the martensitic heat resistant alloy, according to any 
one of the aforementioned aspects, comprising, % by weight, at least one type of element selected from the group 
consisting of: no more than 0.1% of Ni; and no more than 0.1% of Cu. A fifth aspect of the present invention provides 
the martensitic heat resistant alloy, according to any one of the aforementioned aspects, comprising, % by weight, no 
more than 0.03% of P; no more than 0.01% of S; and no more than 0.02% of O. 

30 [0013] Yet further, a sixth aspect of the present invention provides a method for producing a martensitic heat resistant 
alloy, comprising the steps of: subjecting an alloy material having the composition described in any of the aforemen- 
tioned aspects to a normalizing process In which the alloy material is heated to a temperature in a range of 1050 to 
1200°C. retained therein and cooled, and then subjecting the alloy material to a tempering process in which the alloy 
material is heated to a temperature in a range of 750 to 850°C, retained therein and cooled. 

35 

Brief Description of Drawings 
[0014] 

^0 Fig. 1 is a graph showing the correlation between stress and creep rupture time, in an alloy according to the present 

invention and a comparative alloy, respectively. 

Fig. 2 is a graph showing the relationship between the creep rupture strength (SSO^'C, 10,000 hours) and the (B/ 
Al) ratio, in the alloy of the present invention and the comparative alloy, respectively. 

Fig. 3 is a graph showing the relationship between the creep rupture strength (650°C, 10,000 hours) and the B 
45 content, in the alloy of the present invention and the comparative alloy, respectively. 

Fig. 4 is a graph showing the relationship between the percentage reduction in area at the time of the creep rupture 
(650°C, 10,000 hours) and the (B/AI) ratio, in the alloy of the present invention and the comparative alloy, respec- 
tively. 

Fig. 5 is a graph showing the relationship between the percentage reduction in area at the time of the creep rupture 
50 {650°C, 10,000 hours) and the B content, in the alloy of the present invention and the comparative alloy, respec- 

tively. 

Best Mode for Carrying Out the Invention 

55 [0015] One embodiment of the invention of the present application, having the aspects as described above, will be 
described in detail hereinafter. 

[0016] The martensitic heat resistant alloy of the first aspect of the invention of the present application has a com- 
position (A) including, % by weight: 
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0.03 to 0.15% of C: 

0.01 to 0.9% of Si: 

0.01 to 1.5% of Mn; 

8.0 to 13.0% of Cr; 
5 0.0005 to 0.015% of Al; 

no more than 2.0% of Mo; 

no more than 4.0% of W: 

0.05 to 0,5% of V; 

0.01 to 0.2% of Nb; 
10 0.1 to 5.0% of Co; 

0.008 to 0.03% of B; 

less than 0.005% of N: and 

Fe and inevitable impurities as the remainder. 

*5 wherein (B) the contents (% by weight) of Mo. W. B and N satisfy the following formulae (1) and (2). 

B - 0.772N > 0.007 (1) 



20 



W+1.916Mo-16.99B>2.0 (2) 



[0017] The composition (A) described above has been designed so that the effect by B addition is maximized by 
reducing the N content to an extremely low level and increasing the B content to a relatively high level, as compared 
25 with the composition of known heat resistant alloys. That is. by reducing the N content and increasing the B content 
to a relatively high level, loss of B as a result of BN precipitation Is prevented and the size of the precipitates is made 
minute by B, whereby the grain boundaries are stabilized and the creep strength of the alloy in a range of relatively 
long time at a high temperature is drastically enhanced. 

[0018] However, in a case in which Mo and W are contained in the alloy as solid solution/precipitation hardening 

30 elements, it is known that the solid solution/precipitation hardening mechanism of Mo and W is lost as a result of the 
excessive addition of B, even if the content of N is low. The inventors of the present application have discovered that 
such loss of solid solution/precipitation hardening mechanism of Mo and W Is caused by precipitation of a boride of 
Fe(Mo, W)2B2 type (the boride is presumably a subspecies of the compound of JCPDS card No. 210437). As this 
boride is very stable (the melting point thereof is presumably 2000°C or higher), it is impossible to completely decom- 

35 pose this compound by a heat processing or the like. In the present invention, in order to solve the aforementioned 
problem of precipitation of the bohde. a method is proposed which necessitates neither expensive elements nor specific 
production technique and solves the problem by simply improving the prior art i.e., by using basically the same com- 
ponents as the conventional method. Specifically, when the B content is increased, the contents of Mo and W are 
adjusted accordingly, so as to correspond to the B content. 

40 [0019] Thus, in the martensitic heat resistant alloy of the invention of the present application, from the viewpoint of 
reducing the N content In the alloy and Increasing the B content to a high level so that the effect by B addition Is 
maximized, and the viewpoint of adjusting the Mo and W content to a level matching the B content, the composition 
of the alloy is restricted to the composition range of the aforementioned composition (A) and the optimum composition 
balance is further defined by the formulae (1) and (2) of the aforementioned (B). 

45 [0020] The composition of the martensitic heat resistant alloy of the invention of the present application will be de- 
scribed in detail hereinafter. 

[0021] The content of C is set in a range of 0.03 to 0.15% by weight. C is an austenite former, which stabilizes 
martensite and forms carbides, thereby contributing to enhancing the strength of the alloy. When the C content is less 
than 0.03% by weight, precipitation of carbides is insufficient and satisfactory strength of the alloy cannot be obtained. 

50 When the C content exceeds 0. 1 5% by weight, the alloy is significantly hardened, whereby welding property and work- 
ability sharply deteriorate. The C content is more preferably in a range of 0.05 to 0.12% by weight. 
[0022] The content of Si is set in a range of 0.01 to 0.9% by weight. SI Is an Important element for obtaining oxidation 
resistance. Si also functions as a deoxidizing agent. When the Si content is less than 0.01 % by weight, the alloy cannot 
have oxidation resistance at a sufficient level. When the Si content exceeds 0.9% by weight, not only toughness of the 

55 alloy deteriorates but also the size of the precipitation is made larger, whereby the creep rupture strength is significantly 
deteriorated. The content of Si Is more preferably in a range of 0.2 to 0.6% by weight. 

[0023] The content of Mn Is set in a range of 0.01 to 1 .5% by weight. In the alloy of the present application in which 
a decrease in the content of Al, which functions as a deoxidizing agent, is intended, Mn is an important element which 
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functions as a deoxidizing agent in place of Al. In terms of maintaining the strength of the alloy at a sufficient level, the 
Mn content must be 0.01% by weight or more. However, when the Mn content exceeds 1.5% by weight, the creep 
rupture strength deteriorates. The Mn content is more preferably in a range of 0.3 to 0.7% by weight. 
[0024] The content of Cr is set in a range of 8.0 to 13.0% by weight. Cr is an element, which is essential for making 

5 the alloy with sufficient oxidation resistance. Further, Cr fomis carbides, thereby making contribution to increasing the 
strength of the alloy When the Cr content is less than 8.0% by weight, the alloy cannot be made with sufficient oxidation 
resistance. When the Cr content exceeds 13.0% by weight, the amount of formation of 5 ferrite increases, and the 
strength and toughness of the alloy are decreased. The Cr content is more preferably in a range of 8.5 to 12.0% by 
weight, and further more preferably in a range of 8.5 to 10.5% by weight. 

10 [0025] The content of Al is set in a range of 0.0005 to 0.015% by weight. Al is an important element as a deoxidizing 
agent, and it is necessary that the Al content is no less than 0.0005% by weight. However, when the Al content exceeds 
0.015% by weight, the creep rupture strength of the alloy is significantly deteriorated. The Al content Is more preferably 
in a range of 0.0005 to 0.01% by weight. 

[0026] The content of Mo is set in a range of 2.0% by weight or less. Mo is a solid solution hardening element and 

15 fomis carbides, thereby making contribution to increasing the strength of the alloy. However, when the Mo content 
exceeds 2.0% by weight, the precipitation of an intermelallic compound is facilitated, whereby the strength and tough- 
ness of the alloy are deteriorated. The Mo content is more preferably in a range of 0.001 to 0.05% by weight. 
[0027] The content of W is set in a range of 4.0% by weight or less. W is, similar to Mo, a solid solution hardening 
element and forms carbides, thereby making contribution to increasing the strength of the alloy. When the W content 

20 exceeds 4,0% by weight, the precipitation of an intermetallic compound is facilitated, whereby the strength and tough- 
ness of the alloy are significantly deteriorated. The W content is more preferably in a range of 2.5 to 3.5% by weight. 
[0028] The content of V is set in a range of 0.05 to 0.5% by weight. V is a solid solution hardening element and fomris 
minute carbonitrides, thereby making contribution to increasing the strength of the alloy. When the V content is less 
than 0.05% by weight, carbonitrides are not sufficiently precipitated and satisfactory strength of the alloy cannot be 

25 obtained. On the contrary, when the V content exceeds 0.5% by weight, carbonitrides are excessively formed and the 
toughness of the alloy is deteriorated. The V content is more preferably in a range of 0.15 to 0.25% by weight. 
[0029] The content of Nb is set in a range of 0.01 to 0.2% by weight. Nb is, similar to V, forms minute carbonitrides, 
thereby making contribution to increasing the strength of the alloy. Therefore, it is necessary that Nb is added to the 
alloy so that the Nb content is no less than 0.01 % by weight. The effect achieved by Nb addition can be more increased 

30 by adding V at the same time. However, when the Nb content exceeds 0.2% by weight, carbonitrides are excessively 
formed and the toughness and welding property of the alloy are deteriorated. The Nb content is more preferably in a 
range of 0.02 to 0.08% by weight. 

[0030] The content of Co is set in a range of 0.1 to 5.0% by weight. As Co suppresses the formation of 5 ferrite and 
stabilizes martensite, it is necessary that Co is added to the alloy so that the Co content is no less than 0.1 % by weight. 
35 When the Co content exceeds 5%, not only the creep rupture strength is rather deteriorated but also the production 
of the alloy is no longer economical because Co is an expensive element. The Co content is preferably in a range of 
0.5 to 3.5% by weight, and more preferably in a range of 2.5 to 3.5% by weight. 

[0031] The content of B is characteristically set in a range of 0.008 to 0.03% by weight. B minutely disperses the 
precipitates and suppresses the growth of the precipitates, thereby stabilizing the grain boundaries. When BN is formed, 

<o not only the characteristic-improving effects by B and N are both lost but also the welding property and workability of 
the alloy are significantly deteriorated. However, in the alloy of the invention of the present application, as the content 
of N has been decreased, the creep strength of the alloy can be drastically enhanced by increasing the B content to 
0.008% by weight or more. It should be noted that, when the B content exceeds 0.03% by weight, borides are exces- 
sively fonmed and the toughness, workability and welding property of the alloy are significantly deteriorated. The B 

45 content is more preferably in a range of 0.008 to 0.015% by weight. 

[0032] The content of N is characteristically set in less than 0.005% by weight. N is a solid solution hardening element 
and forms carbonitrides, thereby making contribution to increasing the strength of the alloy. However, in a case in which 
the B content is relatively high as in the alloy of the invention of the present application, high content of N which exceeds 
0.005% by weight facilitates formation of BN, and not only the characteristic-improving effects by B and N are both lost 

50 but also the welding property and workability of the alloy are significantly deteriorated. The N content is more preferably 
in a range of 0.0005 to 0.004% by weight. 

[0033] Further, the contents (% by weight) of Mo, W, B and N satisfy the following formulae (1) and (2), 
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B - 0.772N > 0.007 (1) 



W + 1.916MO - 16.99B > 2.0 (2) 
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[0034] The formula (1) is a relational expression, representing the balance of the B and N contents in a form in which 
the B and N masses are each converted to a mole-based value. When the contents of B and N satisfy the formula (1), 
the alloy can obtain the excellent creep property In the formula (1 ), the coefficient 0.772 of the left-hand side represents 
the mole-based ratio of B to N (10.82/14.01). In short, it is intended by the formula (1) that the N content is sufficiently 

s decreased with respect to the B content, so that a significant amount of B which contributes to increasing the creep 
rupture strength is remained in the alloy, even after the effective content of B is decreased as a result of formation of 
BN. Specifically, the B and N contents are prescribed so that the B content exceeds the N content by 0.007% when 
the B and N masses are each converted to a mole-based value. The right-hand side of the formula (1), i.e., the B 
content (% by weight) which contributes to increasing the creep rupture strength is preferably in a range of 0.007 to 

10 0.02, and more preferably in a range of 0.007 to 0.015. 

[0035] Similarly, the formula (2) is a relational expression, representing the balance of the W, Mo and B contents in 
a form in which the W, Mo and B masses are each converted to a mole-based value. In the formula (2). the coefficients 
1.916 and 16.99 of the left-hand side represent the mole-based ratio of W to Mo (183.86/95.95) and the mole-based 
ratio of W to B (183.86/10.82). respectively In short, it is intended by the formula (2) that, if a boride of Fe(Mo, W)2B2 

^5 type is precipitated as a result of an increase in the B content and thus W and Mo, which contribute to increasing 
strength of the alloy, are lost, the solid solution/precipitation hardening mechanism of W and Mo remains as long as 
the W, Mo and B contents satisfy the formula (2). Specifically, the W, Mo and B contents are prescribed so that the w 
and Mo contents exceed the B content by 2% when the W, Mo and B masses are each converted to a mole-based 
value. The right-hand side of the formula (2), i.e., the W and Mo contents (% by weight) which contribute to solid solution 

20 ' and precipitation hardening is preferably in a range of 2.0 to 4.0, and more preferably in a range of 2.5 to 3.5. 

[0036] The martensitic heat resistant alloy according to the second aspect of the present application has the same 
composition range (A) as the alloy according to the aforementioned first aspect of the present invention. In the alloy 
of the second aspect of the present invention, the contents of B and Al (B) is set so that the mole-based ratio of the B 
content to the Al content (B/AI) is 2.5 or more. By this feature, the creep rupture strength at a high temperature and 

25 ductility can be significantly enhanced. The mole-based ratio (B/AI) is preferably in a range of 2.5 to 20, and more 
preferably in a range of 5.0 to 15. 

[0037] Further, the martensitic heat resistant alloy of the invention of the present application may satisfy both of the 
conditions of the first and second aspects. Specifically, in such a martensitic heat resistant alloy, the composition thereof 
has the same composition range (A) as the alloys of the aforementioned first and second aspects of the present In- 

30 vention, (B) the Mo, W, B and N contents {% by weight) thereof satisfy the aforementioned fomiulae (1) and (2). and 
the mole-based ratio of the B content to the Al content (B/AI) is 2.5 or more. As a result, a martensitic heat resistant 
alloy, having significantly enhanced creep rupture strength at a high temperature and ductility can be realized. 
[0038] The martensitic heat resistantalloy of the invention of the present application may further include, % by weight, 
at least one type of element selected from the group consisting of: no more than 0.1% of Ni; and no more than 0.1% 

35 of Cu. And/or, the martensitic heat resistant alloy of the present invention may further include, % by weight, no more 
than 0.03% of P; no more than 0.01% of S; and no more than 0.02% of O. 

[0039] Both Ni and Cu are auslenite formers. Accordingly in a case in which the formation of 5 ferrite is to be sup- 
pressed and further enhancement of toughness is to be effected, at least one type of element selected from Ni and 
Cu may optionally be added. It should be noted that, if the content thereof (Ni, Cu) exceeds 0.1% by weight, the creep 
40 rupture strength is decreased. The Ni content is preferably in a range of 0.0005 to 0.05% by weight, and more preferably 
in a range of 0.001 to 0.02% by weight. The Cu content is preferably in a range of 0.0005 to 0.01% by weight, and 
more preferably in a range of 0.0005 to 0.007% by weight. 

[0040] P, S and O are unavoidable impurities, and the lower the contents thereof are. the more preferable. The P 
content, the S content and the O content exceeding 0.03% by weight. 0.01% by weight and 0.02% by weight, respec- 
ts tively. are not preferable because the advantageous properties of the alloy of the invention of the present application 
may then be lost. The P content is preferably in a range of 0.0001 to 0.03% by weight, and more preferably in a range 
of 0.0001 to 0.005% by weight. The S content is preferably in a range of 0.0001 to 0.01 % by weight, and more preferably 
in a range of 0.0001 to 0.001% by weight. The O content is preferably in a range of 0,0001 to 0.02% by weight, and 
more preferably in a range of 0.0001 to 0.005% by weight. 
50 [0041] In the present invention, by employing the aforementioned unique composition in which the conventional 
components system is specifically adjusted, the effect by the components is maximized and the creep strength at a 
high temperature can be drastically enhanced, without any necessity of adding expensive elements. 
[0042] On the basis of the features described above, but from another point of view, it can be stated that the invention 
of the present application specifically provides a novel martensitic heat resistant alloy, being completely unknown in 
55 the prior art and having creep strength property at a high temperature in which the creep rupture lime is no shorter 
than 3,800 hours at 650**C and under a stress of 100 MPa, or even no shorter than 20,000 hours at the same condition. 
[0043] Further, the invention of the present application also provides a heat resistant alloy having creep strength 
property in which the creep rupture strength in a range of rupture time of 100,000 hours at 650*'C is 80 MPa or more. 
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[0044] Yet further, the invention of the present application provides a method for producing the aforementioned mar- 
tensitic heat resistant alloy, the method comprising the steps of: subjecting the alloy material having the composition 
range described above to a normalizing process in which the alloy material is heated to a temperature in a range of 
1050 to 1200''C, retained therein and cooled; and then subjecting the alloy material to a tempering process in which 

5 the alloy material Is heated to a temperature in a range of 750 to 850°C. retained therein and cooled. 

[0045] In order to fully obtain the excellent effect achieved by the composition of the Invention of the present appli- 
cation, the temperature during the nomrializing process is to be set in a range of 1050 to 1 200''C. When the temperature 
is lower than 1050°C, carbonitrides are not soluble in a satisfactory manner and the minute carbonitrides dispersed 
structure cannot be obtained after the tempering process. When the temperature exceeds 1200*'C, the amount of 

10 formation of 5 ferrite is increased and thus the strength and toughness of the alloy are deteriorated. The retaining time 
in the normalizing process Is to be no shorter than 15 minutes because, if the retaining time is less than 15 minutes, 
the normalizing effect will be Insufficient, 

[0046] The temperature during the tempering process Is to be set in a range of 750 to SSO^C. When the temperature 
Is lower than 750°C, the creep rupture strength in a range of relatively long rupture time may significantly decrease 

15 because recovery of excessive dislocation is not fully effected. When the temperature exceeds 850°C. the creep rupture 
strength may significantly decrease because of the reverse transformation to austenite. The retaining time is to be no 
shorter than 15 minutes because, if the retaining time is less than 15 minutes, the tempering effect will be insufficient. 
[0047] In producing the martensitic heat resistant alloy of the invention of the present application, no specific pro- 
duction technique Is required. Therefore, there is no significant increase in the production cost of the alloy of the preset 

20 invention, as compared with the alloy of the prior art. 

[0048] As a result, the creep rupture strength at a high temperature is drastically enhanced, the heat and pressure 
resistant members used in the fields of boiler and turbine for power generation, nuclear power generation facilities and 
chemical industries are made more reliable and can be used for a longer period at a high temperature, life duration of 
plants of various types can be prolonged, the production and running costs can be reduced, and thus more efficient 

25 facilities can be realized. Realization of more efficient facilities will bring a favorable effect of using less natural resources 
and protecting the environment of the earth. 

[0049] The embodiment of the present invention will be further described in detail by the following example. 



30 



35 



40 



45 



50 



Example 

[0050] Table 1 shows the chemical composition (% by weight) of each of the alloys according to the invention of the 
present application and the conventional alloys prepared for comparative purpose. 
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Table 1 





r 


Si 


Mn 


p 

r 


c 
o 




w 
If 




V 


Comparative 

otlA\/ i 

aKOy 1 


0.09 


0.31 


0.50 


0.001 


0.001 


8.94 


2.94 


0.01 


0.19 


Comparative 
aiioy L 


0.08 


0.29 


0.51 


0.001 


0.001 


8.95 


2.93 


0.01 


0.19 


Present alloy 

1 


0.08 


0.29 


0.50 


0.001 


0.001 


8.96 


2.92 


0.01 


0.19 


Present alloy 

2 


0.09 


0.30 


0.51 


0.001 


0.001 


8.99 


2.91 


0.01 


0.19 


Present alloy 

0% 

3 


0.08 


0.58 


0.50 


0.001 


0.001 


8.90 


299 


0.01 


0.19 


Conventional 
9Cr steel 


0.09 


0.34 


0.45 


0.015 


0.001 


8.51 


m 


0.90 


0.21 


• 


Nb 


Co 


N 


B 


Ai 


0 


Ni 


Cu 




Comparative 
ailOy 1 


0.05 


3.03 


0.0018 


■ 


0.005 


0.003 


0.01 


0.003 




Comparative 
alloy 2 


0.05 


3.04 


0.0010 


0.0047 


0.005 


0.003 


0.01 


0.004 




Present alloy 
1 


0.05 


3.01 


0.0015 


0.0091 


0.007 


0.003 


0.01 


0.004 




Present alloy 
2 


0.05 


3.01 


0.0033 


0.0136 


0.003 


0.002 


0.01 


0.003 




Present alloy 
3 


0.05 


3.04 


0.0017 


0.0093 


0.002 


0.005 


0.01 


0.003 




Conventional 
9Cr steel 


0.08 




0.0420 


• 


0.020 


0.010 


0.20 


0.026 





[0051] 100 kg of each alloy material having each composition shown in Table 1 was vacuum melted and then made 
to have an ingot-shape. Each ingot was subjected to hot forging and hot rolling, so as to have plate-like shape {thickness: 
20 mm X width: 110 mm). During the production process, no cracking or the like was generated due to the hot forging 
and hot rolling. Accordingly, it was confirmed that the alloy according to the invention of the present application has 
excellent hot workability. 

[0052] Each alloy plate was subjected to a normalizing process in which the plate was heated to a temperature in a 
range of 1050 to 1080'*C, retained In the temperature range for 1 hour and air-cooled. The alloy plate was then subjected 
to a tempering process in which the plate was heated to a temperature in a range of 790 to 825°C, retained in the 
temperature range for 1 hour and air-cooled. All of the alloys were 100% tempered martensitlc. Creep test pieces 
having diameter of 10 mm and GL of 50 mm were cut out from each of the obtained alloy materials. A creep rupture 
test was conducted for approximately 10,000 hours at 650°C under various stress conditions. The state of oxidation 
at the surface of the ruptured material was observed, and the creep rupture strength, the rupture elongation, and the 
reduction in area at the time of rupture were compared between the present alloys and the comparative alloys. 
[0053] From the results, it was confirmed that the alloy of the present invention experiences less generation of oxide 
scale during hot processing and exhibits excellent hot workability and oxidation resistance. 

[0054] Table 2 shows the values obtained by the formulae (1) and (2) and the mole-based ratio (B/AI), of each of the 
comparative alloys, the present alloys and the conventional 9Cr steel. 
[0055] The results are shown in Table 3 and Figure 1. 
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Table 2 



Added element/Type of alloy 


B 


N 


Al 


W 


Mo 


Formula (1) 


Formula (2) 


(B/AI) 


Comparative alloy 1 


0 


0.0018 


0.005 


2.94 


0.01 


-0.0014 


2.96 


0 


Comparative alloy 2 


0.0047 


0.0010 


0.005 


2.93 


0.01 


0.0039 


2.87 


2.34 


Present alloy 1 


0.0091 


0.0015 


0.007 


2.92 


0.01 


0.0079 


2.78 


3.24 


Present alloy 2 


0.0136 


0.0033 


0.003 


2.91 


0.01 


0.0111 


2.70 


11.3 


Present alloy 3 


0.0093 


0.0017 


0.002 


2.99 


0.01 


0.0080 


2.85 


11.6 


Conventional 9Cr steel 


0 


0.0420 


0.020 


0 


0.90 


-0.0324 


1.72 


0 



Table 3 



20 


Test stress 


160 MPa 


140 MPa 


110 MPa 


100 MPa 




Type of alloy 


Tr 


Elon. 


RA 


Tr 


Elon. 


RA 


Tr 


Elon. 


RA 


Tr 


Elon. 


RA 


25 


if ipalall Vc 

alloy 1 


19 






93 


33 


90 


1505 


21 


69 


2319 


25 


68 


comparative 
alloy 2 


16 


41 


92 


69 


46 


94 


2374 


23 


84 


3029 


37 


90 




alloy 1 


15 


39 


93 


47 


39 


92 


1330 


30 


88 


3818 


32 


88 


30 


Present 
alloy 2 


73 


27 


88 


322 


34 


91 


12007 


19 


75 










Present 
alloy 3 








40 


48 


94 


1452 


22 


87 


8238 


22 


83 


35 


Conventiona 
1 9Cr steel 














326 


35 


95 


831 


26 


92 




Test stress 


GOMPa 


80 MPa 


• 


60 MPa 












Type of alloy 


Tr 


Bon. 


RA 


Tr 


Elon. 


RA 


Tr 


Elon. 


RA 








40 


Comparative 
alloy 1 


3479 


26 


59 


5476 


19 


48 
















Comparative 
alloy 2 


5199 


30 


85 


10955 


m 
















45 


Present 
alloy 1 


12014 


32 


85 






















Present 
alloy 2 




























Present 
alloy 3 


























50 


Conventiona 
l9Cr steel 








6053 


19 


77 


27728 


13 


36 









(Tr*: Rupture time (hour), "Elon": Rupture elongation (%). 'RA': Rupture reduction in area (%)) 
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[0056] The creep rupture time of any of the present alloys is 4 to 30 times or more as long as the creep rupture time 
of the conventional alloys, when comparison is made in a range of rupture time of 1000 hours or more. In the compar- 
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ative alloy 1 in which the N content was reduced and the B content was nil, the creep strength is decreased, in a range 
of rupture time of 5000 hours or more, to the level equal to the conventional alloy in which the N content was not 
reduced, although the creep strength is relatively high in a range of relatively short mpture time. In the comparative 
alloy 2 in which the B content was 0.0047% by weight, a sharp decrease in creep rupture strength in a range of relatively 

5 long rupture time, which is said to be one of the characteristics exhibited by the conventional ferritic heat resistant alloy 
at eSO'^C. was observed, although the strength thereof was generally higher than that of the conventional alloy. However, 
in the present alloys, such a sharp decrease in creep rupture strength was not observed. The creep strength which 
would cause rupture after 100,000 hours, which was assumed from the graph of the creep rupture strength in a range 
of rupture time of 0 to 10,000 hours, is 30 to 50 MPa in the conventional alloys, while 80 to 100 MPa in the present 

10 alloys. That is, the magnitude of the creep strength or stress which would cause rupture after 100,000 hours to the 
present alloy is approximately twice as large as that of the conventional alloys. In other words, the time period required 
for the present alloys to cause rupture is indeed 10 to 100 times or more as long as the time period required for the 
conventional alloys to cause rupture. On the other hand, the values of rupture elongation and reduction in area at the 
time of rupture of the present alloys are substantially the same as the corresponding values of the comparative and 

15 conventional alloys. This result indicates that the rupture ductility and the like of the present alloy are not deteriorated, 
as compared with the comparative or conventional alloys. 

[0057] As is apparent from the aforementioned description, the present invention provides, as a novel martensltic 
heat resistant alloy which is unknown in the prior art, a heat resistant alloy having creep strength property at a high 
temperature in which the creep rupture time is no shorter than 3,800 hours at 650°C and under the stress of 100 MPa 

20 and also, as an improvement of the alloy, a heat resistant alloy having creep strength property at a high temperature 
in which the creep rupture time is no shorter than 20.000 hours at 650°C and under the stress of 100 MPa. 
[0058] When the state of oxidation at the surface of the creep ruptured material was observed, no peeling or the like 
caused by the oxidation was found at the surface of the present alloys. This result indicates that the present alloys 
have excellent oxidation resistance. 

25 [0059] Fig. 2 is a graph showing the relationship between the creep rupture strength (the stress which causes rapture) 
after 1 0,000 hours at 650°C obtained from Fig. 1 and the mole-based ratio (B/Al). As is obvious from Fig. 2, the strength 
is significantly increased when the (B/AI) ratio Is 2.5 or more, and gently increased when the (B/AI) ratio Is relatively 
high. It is also understood that the higher the B content, the more the creep rupture strength of the alloy is increased. 
[0060] Fig. 3 is a graph showing the relationship between the creep rupture strength after 10.000 hours at 650°C 

30 obtained from Fig. 1 and the B content. As is obvious from Fig. 3. the creep rupture strength is linearly increased as 
the B content is increased. It should be noted that the present alloys whose (B/AI) ratio is high I.e., 11 or more exhibit 
high strength, as compared with the alloys whose (B/Al) ratio is 3.3 or less. 

[0061] Fig. 4 is a graph showing the relationship between the mole-based ratio (B/AI) and the percentage reduction 
in area after 1 0,000 hours, which percentage reduction in area after 10,000 hours is obtained from the values of rupture 
35 time and percentage reduction in area shown in Table 3. As shown in Fig. 4, the percentage reduction in area is highest 
when the mole-based ratio (B/AI) is in a range of 2.5 to 12.5. 

[0062] Fig. 5 is a graph showing the relationship between the percentage reduction in area of Fig. 4 and the B content. 
The percentage reduction in area is significantly increased as the B content is Increased, and becomes especially high 
when the B content is 50 ppm or more. By analyzing the relationship between the values of rupture time and percentage 

40 reduction in area shown in Table 3, it is understood that the comparative alloy 1 exhibits a rapid decline of percentage 
reduction in area in a range of rupture lime of 1 ,000 hours or more, and the comparative alloy 2 exhibits a rapid decline 
of percentage reduction in area in a range of rupture time of 10,000 hours or more. In the aforementioned relationship, 
the percentage reduction in area of any of the present alloy is gently decreased as time passes even in a range of 
rupture time of 10.000 hours, and is still quite high i.e., 75% or more after 10,000 hours. 

45 [0063] By producing a header connecting pipe between the secondary superheating pipe outlet and the quaternary 
superheating pipe outlet, as well as a thick steel pipe having large diameter such as the main steam pipe, of a boiler 
whose steam temperature Is 650°C or higher, by using the alloys of the present Invention described above, a ultra 
supercritical pressure boiler which is more reliable than the conventional model can be manufactured. For the afore- 
mentioned superheating pipes, 18Cr10Ni-based high strength austenitic steel is employed. As the alloy of the invention 

50 of the present application is a martensltic alloy and therefore has a smaller coefficient of thermal expansion than auste- 
nitic steel, superheating pipes made of the alloy of the present Invention can exhibit higher durability against thermal 
fatigue caused by repeated slartlng-up and stopping operations. Further, as described above, the alloy of the invention 
of the present application exhibits a high percentage reduction in area in a range of relatively long rupture time. There- 
fore, the superheating pipes made of the alloy of the present invention are less likely to become brittle even in the 

55 harsh conditions in which these pipes are used. In other words, generation of cracks in the superheating pipes can be 
very effectively prevented. 

[0064] The present invention is not limited to the present alloys as exemplified above, and various modifications of 
details may be done within the spirit of the invention. 
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Industrial applicability 

[0065] As described above in detail, the present invention provides a martensitic heat resistant alloy exhibiting ex- 
cellent creep rupture strength in a range of relatively long rupture time at a high temperature, being excellent in oxidation 
5 resistance, hot workability and ductility as well as a method for producing the same. 

[0066] As the creep rupture strength and ductility are drastically enhanced, the heat and pressure resistant members 
used in the fields of boiler and turbine for power generation, nuclear power generation facilities and chemical industries 
are made more reliable and can be used for a longer period at a high temperature. Thus, more efficient facilities can 
be realized. 

10 [0067] Further, due to the excellent strength and ductility obtained as a result of the specific designing of the alloy 
composition of the present invention, life duration of plants of various types can be prolonged, the production and 
njnning costs can be reduced and more efficient facilities can be realized without relying on any specific production 
technique, whereby a favorable effect of using less natural resources and protecting the environment of the earth can 
be obtained. 

15 

Claims 

1. A martensitic heat resistant alloy having a composition (A) comprising, % by weight: 

20 

0.03 to 0.1 5% of C; 

0.01 to 0.9% of Si: 

0.01 to 1.5%of Mn; 

8.0 to 13.0% of Cr; 
25 0.0005 to 0.015% of Al; 

no more than 2.0% of Mo; 

no more than 4.0% of W; 

0.05 to 0.5% of V; 

0.01 to 0,2% of Nb: 
30 0.1 to 5.0% of Co; 

0.008 to 0.03% of B; 

less than 0.005% of N: and 

Fe and inevitable impurities as the remainder, 

35 wherein (B) the contents {% by weight) of Mo, W, B and N satisfy the following formulae (1) and (2). 

B - 0.772N > 0.007 (1) 

40 

W+ 1.916MO- 16.99B>2.0 (2) 

2. A martensitic heat resistant alloy having a composition (A) comprising, % by weight: 

45 0.03 to 0.15% of C; 

0.01 to 0.9% of Si; 

0.01 to 1.5% of Mn; 

8.0 to 13.0% of Cr; 

0.0005 to 0.015% of Al; 
50 no more than 2.0% of Mo; 

no more than 4.0% of W; 

0.05 to 0.5% of V; 

0.01 to 0.2% of Nb; 

0,1 to 5.0% of Co; 
55 0.008 to 0.03% of B; 

less than 0.005% of N: and 

Fe and inevitable impurities as the remainder, 
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wherein (B) the mole-based ratio of the content of B with respect to the content of At, (B/AI), is no smaller 
than 2.5. 

The martensitic heat resistant alloy having a composition (A) comprising, % by weight: 

0.03 to 0.15% of C; 

0.01 to 0.9% of Si: 

0.01 to 1.5% of Mn; 

8.0 to 13.0% of Cr: 

0.0005 to 0.015% of Al; 

no more than 2.0% of Mo; 

no more than 4.0% of W; 

0.05 to 0.5% of V: 

0.01 to 0.2% of Nb; 

0.1 to 5.0% of Co; 

0.008 to 0.03% of B; 

less than 0.005% of N: and 

Fe and Inevitable impurities as the remainder, 

wherein (B) the contents (% by weight) of Mo. W. B and N satisfy the following formulae (1) and (2). 

B - 0.772N > 0.007 (1) 



W+1.916Mo-16.99B>2.0 (2) 

The mole^based ratio of the content of B with respect to the content of Al, (B/AI), is no smaller than 2.5. 

The martensitic heat resistant alloy according to any one of claims 1 to 3, the composition thereof comprising, % 
by weight, at least one type of element selected from the group consisting of: no more than 0.1% of Ni; and no 
more than 0.1% of Cu. 

The martensitic heat resistant alloy according to any one of claims 1 to 4, the composition thereof comprising, % 
by weight, no more than 0.03% of P; no more than 0.01 % of S; and no more than 0.02% of O. 

A method for producing a martensitic heat resistant alloy, comprising the steps of: 

subjecting the alloy material having the composition according to any one of claims 1 to 5, to a normalizing 
process in which the alloy material is heated to a temperature in a range of 1050 to 1200°C. retained therein 
and cooled; and 

then subjecting the alloy material to a tempering process in which the alloy material Is heated to a temperature 
in a range of 750 to 850°C. retained therein and cooled. 
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Fig. 1 




Rupture time (h) 
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Fig. 2 
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Fig. 3 



stress (MPa) 
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Fig- 4 
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Fig. 5 
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